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Supp
JOURNAL OF
VOLUME 5Objective: Investigating dimensions of oppositional symptoms may help to explain hetero-
geneity of etiology and outcomes for mental disorders across development and provide further
empirical justification for the DSM-5–proposed modifications of oppositional defiant disorder
(ODD). However, dimensions of oppositionality have not previously been tested in samples
outside Europe or the United States. In this study, we used a large Brazilian community sample
to compare the fit of different models for dimensions of oppositional symptoms; to examine the
association of psychiatric diagnoses and symptoms with dimensions of oppositionality; and to
examine the associations between dimensions of oppositionality and parental history of mental
disorders. Method: A Brazilian community sample of 2,512 children 6 through 12 years old
were investigated in this study. Confirmatory factorial analyses were performed to compare the
fit of alternative models, followed by linear and logistic regression analyses of associations with
psychiatric diagnosis and parental history of psychopathology. Results: A three-factor model
with irritable, headstrong, and hurtful dimensions fitted best. The irritable dimension showed a
strong association with emotional disorders in the child (p o .001) and history of depression
(p o .01) and suicidality (p o .05) in the mother. The headstrong dimension was uniquely
associated with attention-deficit/hyperactivity disorder (ADHD) in the child (po .001) and with
maternal history of ADHD symptoms (po .05). The hurtful dimensionwas specifically associated
with conduct disorder (po .05). Conclusions: Our findings from a large community sample of
Brazilian children support a distinction between dimensions of oppositionality consistent with
currentDSM-5 recommendations and provide further evidence for etiological distinctions between
these dimensions. J. Am. Acad. Child Adolesc. Psychiatry; 2013;52(4):389-400. Key Words:
oppositionality, dimensions, irritability, depression.T he identification of distinct dimensions ofoppositional symptoms may help to explainheterogeneity of etiology and outcomes of
mental disorders across development.1 TheDSM-
5 process has recently suggested a distinction
among irritable, headstrong, and hurtful dimen-
sions in its update on oppositional defiant dis-
order (ODD).2 However, the evidence for this
distinction derives exclusively from European
and North American samples, and it is currentlyical guidance is available at the end of this article.
lemental material cited in this article is available online.
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Moreover, there are many outstanding questions
about etiological distinctions between dimensions
of oppositionality. To address this gap, the present
study examines dimensions of oppositionality
with regard to their factorial structure, psychiatric
correlates, and distinct familial risk factors within
a large community-based Brazilian sample of
children.
Oppositional defiant disorder (ODD)—a per-
sistent pattern of negativistic, hostile, and defiant
behavior that is classified as a disruptive behavior
disorder3—is one of the most common childhood
psychiatric disorders.4 ODD is strongly associated
with other disruptive behavior disorders, such aswww.jaacap.org 389
KRIEGER et al.attention-deficit/hyperactivity disorder (ADHD)
and conduct disorder (CD),5 but also with inter-
nalizing disorders, such as depression and anxi-
ety.6 ODD often progresses to CD,5,7,8 but is also
one of the most robust predictors of adolescent
and young adult depression.9 Indeed, ODD is part
of the developmental history of a wide range of
disorders in youth and adults.10
Considering the heterogeneity within the ODD
construct, Stringaris and Goodman11 provided
cross-sectional and longitudinal evidence for the
existence of three distinct dimensions or con-
structs within the ODD diagnosis: irritable, head-
strong, and hurtful. The irritable dimension
includes symptoms of temper outbursts, touchi-
ness, and anger, and shows specific associations
with emotional disorders. The headstrong dimen-
sion includes symptoms of arguing with grown
ups, annoying others on purpose, refusing to
follow rules, and blaming others for his or her
own mistakes, and shows specific association
with ADHD. The hurtful dimension includes
symptoms of spitefulness and vindictiveness.
Although all three dimensions showed cross-
sectional associations with conduct problems,
the hurtful dimension was differentially associ-
ated with aggressive conduct problems and
callous–unemotional (CU) traits in a 3-year fol-
low-up study.12
Since these findings, several groups have
examined the fractionation of oppositionality into
dimensions. Aebi et al.13 findings support the
three-factor model initially identified by Stringa-
ris and Goodman. Burke et al.14 found a three-
factor solution with different aggregation of
symptoms: a negative affective factor, including
symptoms such as anger, touchiness, and spite-
fulness; an oppositional behavior factor, including
symptoms such as temper outbursts, arguing, and
defying; and an antagonistic behavior factor,
including symptoms such as annoying and blam-
ing others. Rowe et al. identified a two-factor
solution, distinguishing between irritable and
headstrong symptoms, an approach similar to
the approach used by Stringaris et al. in a twin
sample.15,16 In both studies, the authors were
working with samples in which only one hurtful
item had been measured, and included this in a
broader headstrong dimension. Nevertheless,
their findings confirmed that the irritable dimen-
sion was differentially strongly associated with
anxiety/depression and the other dimension was
strongly correlated to conduct disorder. Recently,JOUR
390 www.jaacap.orgEzpeleta et al. and Wakschlag et al. extended
findings on oppositional dimensions to pre-
school samples.17,18
Based on this evidence, the DSM-5 Task Force
suggested a modification of the diagnosis of ODD
subdividing its current eight items into three
subgroups: angry/irritable mood, argumenta-
tive/defiant behavior, and vindictiveness.2 How-
ever, further evidence is required to examine the
proposed separation. First, the question about the
best model structure, that is, of the best way to
carve up oppositionality, is still open. There are a
number of competing models of dimensions in
oppositionality, and there is no work to compare
which model gives the best account of the data.
Second, although theDSM is used internationally
for research and clinical purposes, so far all
studies on oppositionality and its distinct associ-
ations with psychopathology derive exclusively
from European or North American populations.
Neither the structure of oppositional symptoms
nor its associations with other psychopathology
have been tested in samples from other parts of
the world. However, it is important to study
samples fromother cultures to determinewhether
the distinction between dimensions of opposi-
tionality is a universal or a culturally restricted
phenomenon and whether the proposed noso-
logical distinctions are applicable worldwide.
Third, there is a need to understand better
etiological distinctions. The evidence on specific
cross-sectional and longitudinal associations sug-
gests distinct etiological underpinnings. Indeed,
in a twin-based approach, Stringaris et al. showed
evidence of genetic overlap between irritability
and depression on the one hand, and between
headstrong/hurtful and delinquency on the
other.15 However, there is little further research
on possible etiological distinctions. Family history
is an important factor in the etiology of psychiatric
disorders and disruptive behaviors are known to
be highly heritable.19 There are associations
between maternal depression and psychiatric
disorders in the offspring and children of
depressed mothers are at greater risk for both
internalizing and externalizing disorders.20–22
This raises the question as to whether the dimen-
sions could be distinguished on the basis of family
history.
To address these gaps in knowledge, we used a
large community sample of Brazilian children
who were well characterized in terms of psychi-
atric diagnosis and family history, to address keyNAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATRY
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OPPOSITIONAL DIMENSIONS IN A BRAZILIAN SAMPLEissues in regard to the dimensions of opposition-
ality. Our aims were as follows: first, to compare
the fit of different models that have been pre-
viously reported in the literature for distinguish-
ing between dimensions of oppositional
symptoms. For this purpose, we compared a
one-factor structure (all ODD items forming one
dimension, as originally proposed by the DSM-
IV) versus a two-factor structure (irritable and
headstrong/hurtful) versus the three-factor struc-
ture proposed by Stringaris and also by theDSM-
5 Working Group (irritable, headstrong, and
hurtful) versus the three-factor structure pro-
posed by Burke et al. (negative affect, oppositional
behavior, and antagonistic behavior). Our second
goal was to examine the pattern of associations
between the dimensions of the best-fitting model
and psychiatric diagnosis and symptoms. Our
third goal was to examine the associations
between dimensions of oppositionality and
parental history of mental disorders. Our hypoth-
eses were: The best fitting model would be the
three-factor model with irritable, headstrong,
and hurtful dimensions; second, associations
would be detected between the irritable/negative
affective dimension and emotional disorders,
between the headstrong/oppositional behavioral
dimension and ADHD, and between the hurtful
dimension and conduct disorder; and third,
associations would be detected between the
irritable/negative affective dimensions and a
family history of depression; between head-
strong/oppositional behavior and a parental his-
tory of ADHD symptoms; and between the
hurtful dimension and a parental history of
antisociality and incarceration.METHOD
Sample
This report is part of a large, community, school-based
study that combines standardized evaluation from a
psychiatric and cognitive neuroscience perspective, as
well as genetics and neuroimaging, to inform preven-
tive strategies in developmental psychiatry. It was
performed in multiple steps involving several evalua-
tion teams and research protocols as previously
described.23 These steps, described here briefly,
included screening, psychiatric assessments, and cog-
nitive evaluation. Our study population in the screen-
ing phase was composed of students from public
schools located close to the research centers in Porto
Alegre and S~ao Paulo, Brazil. A total of 57 schools from
the two cities (22 schools in Porto Alegre and 35 schoolsJOURNAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATRY
VOLUME 52 NUMBER 4 APRIL 2013in S~ao Paulo) participated in the screening and enrol-
ment procedures. Eligible subjects were those with the
following characteristics: registered for school by a
biological parent capable of providing consent and
information about the child’s behavior; 6 to 12 years of
age; and having remained in the same school during the
year for logistic reasons. For screening, 9,937 informant
interviews based on the Family History Survey (FHS)24
were conducted (involving the child’s biological
mother in 88% of the families). From this pool, we
selected two subgroups: a random and a high-risk
stratum. For subjects in the random-selection stratum, a
simple randomization procedure from school directo-
ries was used, without replacement of unavailable
subjects. Selection for the high-risk stratum involved
a risk-prioritization procedure, focused on individuals
with a family history of a disorder and/or ongoing
symptoms in one of the five targeted domains (atten-
tion-deficit/hyperactivity disorder [ADHD], anxiety,
obsessive-compulsive disorder [OCD], psychosis, and
learning disorders), as detected during screening.
Subjects in this second high-risk stratum were over-
sampled and replaced by the next subject listed in the
sampling frame of higher risk if not available. From
1,315 children selected in the first random stratum, 958
(73%) completed the household evaluation. There were
no differences in gender, number of siblings, or pres-
ence of depressive symptoms inmothers between those
who did and those who did not participate in the
survey; those who participated in the study were
younger (entered: 8.6 years; did not enter: 9.1 years;
p o .001). From the 2,050 children selected for the high-
risk stratum, 1,554 (76%) participated in the study.
There were no differences in age, gender, number of
siblings, or depressive symptoms in mothers between
those who did and those who did not participate. The
total sample was a combination of the random and the
high-risk samples and included 2,512 subjects. Written
consent was obtained from all parents of participants,
and verbal assent was obtained from all children.When
appropriate, written assent was also obtained. The
study was approved by the ethics committee of the
University of S~ao Paulo (IORG0004884, project IRB
registration number: 1132/08).Measures
Strengths and Difficulties Questionnaire (SDQ). This is a
25-item questionnaire with robust psychometric prop-
erties. It comprises five factors, each onewith five items:
emotional problems, hyperactivity, conduct problems,
peer problems, and prosociality.25 The reliability and
validity of SDQ make it a good measure of the adjust-
ment of psychopathology of children and adolescents.26
Although there are also youth and teacher SDQ
versions, only the parental version was used on the
study for logistic reasons. Here, we tested the SDQ
scores of 2,512 children as dependent variables forwww.jaacap.org 391
KRIEGER et al.association with the oppositional dimensions as
predictors.
Development and Well-Being Assessment (DAWBA).
This is a structured interview administered by lay
interviewers who also recorded the verbatim accounts
of any reported problems.27,28 The questions are closely
related to DSM-IV and ICD-10 diagnostic criteria and
focus on current problems. The DAWBA makes use of
skip rules that allow interviewers to omit many of the
detailed questions in a section when the preliminary
answer indicates a very low probability of disorder in
that domain. In the case of oppositional defiant disorder
(ODD), the detailed questions are skipped if both of the
following conditions aremet: the behavior of the child is
not reported to be more troublesome than that of other
children at the same age, and the conduct problems
score on the SDQ is in the normal range. In the present
study, 50.7% (1,274) of the sample were assessed for
ODD. When the two ‘‘skip’’ conditions are not met, the
DAWBA asks nine questions on ODD, one question on
each of the 7 first DSM-IV items and the 2 separate
questions for the ‘‘spiteful and vindictive’’ item. The
response categories were ‘‘no more than others’’ (0), ‘‘a
littlemore than others’’ (1), and ‘‘a lotmore then others’’
(2). To create dimensions of oppositionality,we grouped
the DAWBA’s ODD items in the four following models:
first, a one-factor model, in which all nine items were
loaded; second, a two-factor model: irritable and head-
strong/hurtful model, using three items for
irritable (‘‘had temper outbursts?’’ ‘‘been touchy and
easily annoyed?’’ ‘‘been angry and resentful?’’) and six
items for headstrong/hurtful (‘‘argued with grown-
ups?’’ ‘‘taken no notice of rules, or refused to do as s/he
is told?’’ ‘‘seemed to do things to annoy other people on
purpose?’’ ‘‘blamed others for his/her own mistakes?’’
‘‘been spiteful?’’ ‘‘been vindictive?’’); third, a three-
factor model following Stringaris et al.: an irritable,
headstrong, and hurtful model, preserving the irritable
with three items as above (‘‘had temper outbursts?’’
‘‘been touchy and easily annoyed?’’ ‘‘been angry and
resentful?’’), headstrong with four items (‘‘argued with
grownups?’’ ‘‘takennonotice of rules, or refused todoas
s/he is told?’’ ‘‘seemed to do things to annoy other
people on purpose?’’ ‘‘blamed others for his/her own
mistakes?’’), and two items for hurtful (‘‘been spiteful?’’
‘‘been vindictive?’’); and fourth, a three-factor model
following Burke et al.: negative affective, oppositional
behavior and antagonistic behavior model, using four
items for negative affective dimension (‘‘been angry and
resentful?’’ ‘‘been spiteful?’’ ‘‘been vindictive?’’ ‘‘been
touchy and easily annoyed?’’), three items for opposi-
tional behavior (‘‘had temper outbursts?’’ ‘‘argued with
grown-ups?’’ ‘‘taken no notice of rules, or refused to do
as s/he is told?’’), and two items for antagonist behavior
(‘‘seemed to do things to annoy other people on
purpose?’’ ‘‘blamed others for his/her own mistakes?’’)
(see Figure S1, available online).JOUR
392 www.jaacap.orgMini-InternationalNeuropsychiatric Interview (M.I.N.I.).
This is a short, structured diagnostic interview, for
DSM-IVand ICD-10 psychiatric disorders in adults. The
M.I.N.I. has acceptably high validation and reliability
scores.29 In the present study, the M.I.N.I. was admin-
istered during the household evaluation to biological
mothers in 91.5% of cases. For the analyses presented in
this article, we considered a family history of depres-
sion, suicidality, childhood symptoms of ADHD, and
drinking as dependent variables, examining how far
they were predicted by the oppositional dimensions.
Family History Screen (FHS). This is a screening
instrument that was used for parental history of
incarceration and childhood conduct symptoms as
dependent variables for association with the opposi-
tional dimensions as predictors.Participants With Data on Dimensions
of Oppositionality
There were 2,512 children for whom there were
available clinical and demographic data (see above).
The characteristics of the oppositional dimensions
subsample (‘‘dimensions subsample,’’ i.e., those who
responded affirmatively to the DAWBA’s ODD skip
question, n¼ 1,274) and the non-dimensions subsample
(n ¼ 1,238) are summarized on Table 1. There were no
differences in age, gender, or maternal education
between the two groups. The oppositional dimensions
subsample was more likely to come from low and very
low socioeconomic backgrounds (dimensions: 16.5%;
non-dimensions: 12.5%; p ¼ .004) and presented sig-
nificant more ‘‘any psychiatric diagnosis’’ (dimensions:
40.2%; non-dimension: 11.2%; p o .001), ODD (dimen-
sions: 10.2%; non-dimension: 0; p o .001), CD (dimen-
sions: 3.1%; non-dimensions: 0; po .001), ADHD
(dimensions: 19.3%; non-dimensions: 2.2%; p o .001)
and emotional disorders (dimensions, 18.6%; nondi-
mensions, 7.8%; po .001). The differences listed above
were expected, because the oppositional dimensions
subsample was composed by those individuals who
passed through the DAWBA’s skip rule for ODD, thus
increasing their likelihood of having a disruptive and/
or an emotional diagnosis.Statistical Analysis
Confirmatory factorial analyses (CFA) were used to
compare the goodness-of-fit between the following
ODD models separately: one factor; two factors (irrita-
ble, headstrong/hurtful), three factors (irritable, head-
strong, and hurtful; negative affective, oppositional
behavioral, and antagonist behavior). Goodness-of-fit
was assessed in all models using Tucker Lewis Index
(TLI), Comparative Fit Index (CFI), root mean square
error of approximation (RMSEA). For CFI and TLI,
values greater than 0.95 are preferred, and values nearNAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATRY
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VOLUME 52 NUMBER 4 APRIL 20130.90 are considered acceptable. For RMSEA, values of
0.05 or less are preferred, and values up to 0.08 are
considered acceptable.30 We compared models using
the Akaike Information Criteria (AIC) and the Bayesian
Information Criteria (BIC), in which lower values
indicate better fit.31 The difference between the two
models was calculated as theDAIC andDBIC. These are
calculated as the difference between a candidate model
and the best (i.e., lowest AIC or BIC model); as an
example, in the comparison between the one- and
two-factor models, we calculate as follows: DAIC ¼
AICone factor  AICtwo factors. Values of DAIC or DBIC
equal to or greater than 10 indicate overwhelming
support for the lower AIC and BIC models.32
In addition, w2 difference tests (Dw2) were conducted
to compare the nested models of interest (one-factor
model, two-factor [model irritable, headstrong/hurt-
ful], and three-factor model [irritable, headstrong, and
hurtful]). Those difference tests were also conducted
using robust maximum likelihood and weighted least-
square estimation, which showed the same pattern of
results (available upon request). As the three-factor
model (irritable, headstrong, and hurtful) and the three-
factor model (negative affective, oppositional, and
antagonistic behavior) were not nested in each other,
they were compared using AIC and BIC. Analysis were
performed with MPlus version 5.33
Multivariate logistic and linear regression analyses
were conducted to test the association between family
history of psychopathology, comorbidities, and SDQ
scores and dimensions of oppositionality. The variables
corresponding to oppositional dimensionswere created
based on sums of scores on DAWBA’s ODD items (0 ¼
‘‘no more than others, 1 ¼ ‘‘a little more than others’’
and 2 ¼ ‘‘a lot more then others’’) divided by the
number of items for each dimension.Multivariate linear
regression models were run for the SDQ outcomes
(with the three dimensions as independent variables,
controlled for age and gender), andmultivariate logistic
regression models were run for the disorder outcomes
(with the three dimensions as independent variables,
controlled for age and gender); standardized coeffi-
cients and odds ratios are reported for the linear and
logistic models, respectively. To compare the size of
coefficients of the dependent variables that entered the
final model, we used a z test (post-estimation function
lincom). This tests the null hypothesis that the two
coefficients are equal. An alpha level of 0.05, two-tailed,
was considered significant. Analysis were performed
with Stata version 10.34RESULTS
Our first aim was to compare the goodness-of-fit
of the four competing models for the oppositional
dimensions through confirmatory factor analysis.
The results of confirmatory factorial analysis forwww.jaacap.org 393
KRIEGER et al.each model are displayed in Table 2. The upper
part of Table 2 presents the goodness-of-fit
parameters for each model. The three-factor
model (irritable, headstrong, and hurtful) fitted
the data best on all parameters: values closest to
0.95 CFI and TLI; values closest to 0.05 for
RMSEA; and the largest AIC and BIC. The bottom
part of Table 2 displays the results for the
comparisons between models. The three-factor
model structured by irritable, headstrong and
hurtful was superior to the one-factor (DAIC
583.765, DBIC 237.216, and w2 difference test
244.367, 1 df, p o .001) and two-factor models
(DAIC 361.398, DBIC 331.099, and w2 difference
test 345.398, 2 df, p o 0.001). The three-factor
model comprising negative affective, opposi-
tional, and antagonistic behavior was signifi-
cantly better than the one-factor model (DAIC
78.565, DBIC 63.114, and w2 difference test 84.565,
3 df, p o 0.001), however, the three-factor model
comprising negative affective, oppositional, and
antagonistic behavior performed worse than the
two-factor model irritable, headstrong/hurtful
(DAIC –163.803, DBIC –174.102). Finally the two
three-factor models were compared, and the one
structured by irritable, headstrong, and hurtful
best fitted the data (DAIC 505.2, DBIC 505.201).
The correlations among the three dimensions
were as follows: irritable and headstrong, r¼ 0.73;
irritable and hurtful, r¼ 0.53; and headstrong and
hurtful, r ¼ 0.59. Correlations were all highly
significant (p o .001).
Our second aim was to adopt the best-fitting
model and to examine the differential associations
of each dimension with SDQ scores and psycho-
pathology. Table 3 displays the results from linear
regression within the oppositional dimensions as
independent variables and SDQ scores as depend-
ent variables. The irritable dimension showed
a strong association with emotional problems
(po .001), and the coefficient of association for
irritable was significantly higher compared to
those for headstrong and hurtful. Conversely, the
headstrong dimension was uniquely associated
withhyperactivity (po .001), and the coefficient of
association for headstrongwas significantly higher
compared to irritable and hurtful. Headstrong and
hurtful dimensions were equally associated to
conduct problems. For prosociality, both head-
strong and hurtful dimensions showed a negative
significant association.
Using the oppositional dimensions as inde-
pendent variables and psychiatric disorders asJOUR
394 www.jaacap.orgthe outcome, the irritable dimensionwas uniquely
associated with emotional disorders (po .001),
any anxiety disorder (po .001), andmajor depres-
sion (po .001), and the odds ratio difference
confirmed the finding, with only irritable dimen-
sion index being significantly different from the
other two. The hurtful dimension showed a
significant association with conduct disorder
(po .05), but the odds ratio differences with
headstrong and irritable dimensions were not
significant. As predicted, the headstrong dimen-
sion showed a strong association with ADHD
(po .001), which was also confirmed by the odds
ratio difference, showing a significant difference
between headstrong and the other two dimen-
sions. These results are displayed in Table 4.
Our third aim was to examine the association
of oppositional dimensions with parental history
for individual disorders (Table 5). The irritable
dimension showed a specific association with
family history of depression (p o .01) and suici-
dality (p o .05), whereas headstrong was
uniquely associated with family history of child-
hood ADHD symptoms (p o .05). The three ODD
dimensions were not associated with family
history of drinking, imprisonment, or childhood
conduct symptoms.
We repeated all analyses for each stratum
(randomized and high-risk) and the results
showed the same pattern of results. In particular,
the irritable dimension showed strong association
with emotional SDQ scores and diagnosis of
depression; the headstrong dimension showed
an associationwithADHDdiagnosis; whereas the
hurtful dimension showed an association with
conduct disorder. The only exception was the
association between dimensions and family his-
tory; although the odds ratios suggested an
association, this was not significant, which may
be attributable to limited power after splitting of
the sample.DISCUSSION
This study provides new empirical evidence from
a large Brazilian sample on oppositional dimen-
sions model structure and associations with other
mental disorders. In particular, the results show
the following: first, the model distinguishing
among the three dimensions of irritable, head-
strong, and hurtful behaviors best fits the data;
second, there are distinct associations between
each of these three dimensions and otherNAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATRY
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TABLE 2 Confirmatory Factorial Analysis for Four Different Models of Oppositional Dimensions
Models of Oppositional Dimensions
Maximum Likelihood
One-factor
(All nine DAWBA Items)
Two-factor Irritable,
Headstrong/Hurtfula
Three-factor Irritable,
Headstrong, and Hurtfulb
Three-factor Negative Affective,
Oppositional, and Antagonistic Behaviorc
w2 723.705 479.338 133.940 639.140
Degrees of freedom 27 26 24 24
AIC 16715.451 16473.084 16131.686 16636.886
BIC 16854.498 16617.282 16286.183 16791.384
CFI 0.887 0.926 0.982 0.900
TLI 0.849 0.898 0.973 0.850
RMSEA 0.142 0.117 0.060 0.142
Comparisons DAIC
d DBICd x2 Difference p
1F vs. 2F 252.267 237.216 244.367(1d.f) o.001 2-factor model better than 1-factor model
1F vs. 3F (irritable, headstrong and hurtful) 583.765 568.315 589.785(3d.f.) o.001 3-factor_irritable, headstrong and hurtful better than
1-factor model
2F vs. 3F (irritable, headstrong and hurtful) 361.398 331.099 345.398(2d.f.) o.001 3-factor_irritable, headstrong and hurtful better than
2-factor model
1F vs. 3F (negative affective, oppositional
behavior and antagonistic behavior)
78.565 63.114 84.565(3d.f.) o.001 3-factor _negative affective, oppositional and
antagonistic behavior better than 1-factor
2F vs. 3F (negative affective, oppositional
and antagonistic behavior)
163.802 174.102 Nonnested models 2 factor model better than
3-factor_negative affective, oppositional and antagonistic behavior
3F (negative affective, oppositional and
antagonistic behavior) vs. 3F (irritable,
headstrong and hurtful)
505.2 505.201 Nonnested models 3-factor_ irritable, headstrong and hurtful
better than 3-factor_negative affective, oppositional
and antagonistic behavior
Note: 1F¼ one-factor model; 2F¼ two-factor model; 3F¼ three-factor model; AIC¼ Akaike Information Criteria; BIC¼ Bayesian Information Criteria; CFI¼Comparative Fit Index; DAWBA¼ Development and Well-Being
Assessment; RMSEA ¼ root mean square error of approximation; TLI ¼ Tucker-Lewis Index.
aModel proposed by Rowe et al.7
bModel proposed by Stringaris et al.11
cModel proposed by Burke et al.14
dDAIC andDBIC were calculated as the difference between a candidate model and the best (i.e., lowest AIC or BIC model). Values equal to or greater than 10 forDAIC andDBIC indicate overwhelming support for the lower
AIC and BIC models.
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TABLE 3 Oppositional Dimensions and Their Associations With the Strengths and Difficulties Questionnaire (SDQ)
Oppositional dimensions
SDQ
Emotional Problems Hyperactivity Conduct Problems Peer Problems Prosociality
Irritable 0.73 (0.52, 0.94)*** 0.03 (0.17, 0.24) 0.01 (0.14, 0.12) 0.08 (0.09, 0.26) 0.05 (0.10, 0.21)
Headstrong 0.04 (0.17, 0.26) 0.86 (0.64, 1.08)*** 0.62 (0.48, 0.77)*** 0.28 (0.09, 0.47)** 0.38 (0.54, 0.21)***
Hurtful 0.03 (0.13, 0.21) 0.009 (0.18, 0.16) 0.32 (0.21, 44)*** 0.26 (0.11, 0.42)** 0.19 (0.32, 0.06)**
Comparisons Irr Head Hurt Head Irr Hurt Irr Head Hurt Irr Head Hurt Irr Head Hurt
Note: Values correspond to standardized coefficients of multivariate linear regression models (with the three dimensions as independent variables controlled for age and gender) and their 95% confidence interval in parentheses
for the oppositional dimensions. Bottom row shows comparison between individual coefficients for each oppositional dimension of symptoms, testing the null hypothesis that they not differ. Coefficients underlined are not
significantly different at the level of p o .05. Head ¼ headstrong; Hurt ¼ hurtful; Irr ¼ irritable.
**p r .01; ***pr .001.
TABLE 4 Oppositional Dimensions and Their Associations With Psychiatric Diagnosis
Oppositional dimensions
Psychiatric Diagnosis
Emotional
Disorders
Any anxiety
Disorder
Major
Depression
Conduct
Disorder ADHD
Irritable 1.9 (1.5, 2.3)*** 1.6 (1.3, 2.0)*** 2.7 (1.8, 4.1)*** 1.3 (0.84, 2.3) 0.94 (0.76, 1.1)
Headstrong 0.97 (0.78, 1.2) 1.0 (0.79, 1.2) 0.89 (0.61, 1.3) 1.5 (0.97, 2.5) 2.6 (2.0, 3.2)***
Hurtful 1.0 (0.88, 1.2) 0.96 (0.81, 1.1) 1.1 (0.94, 1.4) 1.3 (1.0, 1.8)* 1.0 (0.90, 1.2)
Comparisons Irr Head Hurt Irr Head Hurt Irr Head Hurt Irr Head Hurt Head Irr Hurt
Note: Values correspond to standardized odds ratios of multivariate logistic regression models (with the three dimensions as independent variables controlled for age and gender) and their 95% confidence interval in brackets
for the oppositional dimensions. The comparison column shows contrasts between individual odds ratios, testing the null hypothesis that they do not differ, and those with common underlining are not significantly different at the
level of po .05. Emotional disorders includes both depressive and anxiety disorders. ADHD ¼ attention-deficit/hyperactivity disorder; Head ¼ headstrong; Hurt ¼ hurtful; Irr ¼ irritable.
*p r .05; ***pr .001.
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TABLE 5 Oppositional Dimensions and Their Associations With Parental History of Psychopathology
Oppositional
dimensions
Parental History of Psychopathology
Depression Suicidality
History of
ADHD
Symptoms Drinking
History of
Conduct
Symptoms Imprisonment
Irritable 1.3 (1.1, 1.5)** 1.2 (1.0, 1.4)* 1.0 (0.83, 10.2) 0.97 (0.76, 1.2) 1.0 (0.85, 1.2) 0.98 (0.73, 1.3)
Headstrong 1.1 (0.96, 1.3) 1.1 (0.90, 1.3) 1.3 (1.0, 1.6)* 1.1 (0.92, 1.5) 1.0 (0.86, 1.2) 1.0 (0.75, 1.3)
Hurtful 1.0 (0.94, 1.2) 1.1 (0.95, 1.2) 0.92 (0.77, 1.0) 1.0 (0.82, 1.2) 1.0 (0.91,1.2) 1.1 (0.92, 1.4)
Comparisons Irr Head Hurt Irr Head Hurt Head Irr Hurt Irr Head Hurt Irr Head Hurt Irr Head Hurt
Note: Values correspond to standardized odds ratios of multivariate logistic regression models (with the three dimensions as independent variables controlled
for age and gender) and their 95% confidence interval in brackets for the oppositional dimensions. Comparison column shows contrasts between individual
odds ratios, testing the null hypothesis that they do not differ, those with common underlining are not significantly different at the level of po .05. ADHD¼
attention-deficit/hyperactivity disorder; Head ¼ headstrong; Hurt ¼ hurtful; Irr ¼ irritable.
*p r .05; **p r .01.
OPPOSITIONAL DIMENSIONS IN A BRAZILIAN SAMPLEpsychiatric disorders, consistent with previous
studies from European and US samples; and
third, the oppositional dimensions show a distinct
association with family risks, in keeping with
hypotheses about distinct etiological processes for
each of the dimensions.
The first aim of this article was to compare
models that distinguish between dimensions of
oppositionality. We found that the model contain-
ing irritable, headstrong, and hurtful dimensions,
as initially identified by Stringaris et al.,11 fit the
data best compared with the two-factor model
(irritable, headstrong/hurtful) and the three-
factor model proposed by Burke et al., (negative
affective, oppositional behavioral, and antagonistic
behavior),14 as indicated by comparative and
absolute fit indices. These results support the
current division of oppositional dimensions sug-
gested by the DSM-5 Taskforce in their proposal.
To our knowledge, this is thefirst study to test the
dimensional structure of oppositionality through
confirmatory factorial analysis, outside Europe and
theUnited States. In our Brazilian sample,we found
a structure similar to those suggested in previous
studies,11,12 with distinct associations for each of the
dimensions. As previously shown, the irritable
dimension was strongly correlated with emotional
symptoms and emotional disorders; headstrong
was strongly associated with SDQ hyperactivity
scores and a diagnosis of ADHD, whereas hurtful
showed a strong association either with conduct
symptoms on SDQ or conduct disorder. This con-
stellation of findings suggests that dimensions
of oppositionality may not be a phenomenon
restricted to a particular geographic location orJOURNAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATRY
VOLUME 52 NUMBER 4 APRIL 2013cultural background. Previous studies have sug-
gested that differences in the prevalence or pattern
of symptoms between countries may be due to
methodological factors rather than geographic or
cultural factors.35,36 In any case, it is important to
examine for overlaps and differences in the con-
stellation of psychiatric symptoms and disorders
outside the United States or Europe, not least
because 90% of children’s world population comes
from low- and middle-income countries. As the
DSM is being used worldwide, it is reassuring to
find that the proposed changes for oppositionality
may apply outside the United States.37
Our third aim was to examine specific associ-
ations between dimensions of oppositionality and
parental history of psychopathology. We found a
differential association between the irritable
dimension and a family history of depression
and suicidality. This is in keeping with previous
findings concerning shared genetic risk factors
between irritability and depression.15,38 It also
demonstrates the close links between irritability
and suicidal behaviors, as indicated in previous
research.39 It is unclear what the mechanisms of
shared risks between irritability and depression
are. It is possible that altered affect regulation
processes play a key role. For example, a reduced
volume of the right dorso-lateral prefrontal cortex
(DLPFC)40,41—an area implicated in behavior and
affective processing—is found both in children
with severe irritability as well as in the offspring
of mothers with depression. In keeping with our
expectations, we found that childhood head-
strong behavior shares familial riskswith parental
history of ADHD symptoms during childhood.www.jaacap.org 397
KRIEGER et al.Little is known at present about what the shared
mechanisms between headstrong and ADHD
could be. It is possible that higher levels of
cognitive impulsivity are common to both pre-
sentations, and further research is required to test
this assumption. The hurtful dimension showed a
specific association with conduct disorder and
SDQ conduct scores. However, contrary to our
prediction,wedid not find an association between
the hurtful dimension and a family history of
imprisonment and antisocial behavior, although a
true association might have been masked by the
low overall prevalence of imprisonment or by
selective under-reporting of socially undesirable
outcomes. Future studies that will include callous
and unemotional traits as an outcome might be
more informative in this regard.42
Our study should be seen in the light of its
limitations. First, the sample is not representative
of the full ethnic diversity of the Brazilian pop-
ulation, so its results may not generalize to all
sectors of society. In addition, themajority of those
in the ODD dimensions subsample (those who
screened positively) were from the high-risk
sample, and this may limit the generalizability
of our findings. Second, the evaluation was
performed with only one of the parents and did
not include other reporting sources. Third, the
family history information was gathered retro-
spectively and is therefore liable to recall bias
(although there is no obvious reason why this
could have had differential effects on the three
dimensions). Fourth, the reader should note that
the hurtful model—which has only two
indicators—would be under-identified in amodel
without any other latent variables.43 Future
instruments should test models with more item
indicators for this dimension, to increase the
reliability of the latent trait model. Finally, at this
point in time, our data are cross-sectional, limiting
the strength of causal inferences; future studies
using longitudinal data should re-examine the
hypotheses tested here, possibly by using a
structural equation modeling framework.
Our study has implications for researchers and
clinicians. Our findings lend empirical support
for a nosological model for DSM-5 and other
classifications. For research, our data extend
previous findings on oppositional dimensions
by identifier distinct familial associations. Clini-
cians may need to particularly assess one or
another type of clinical correlates and possibly
develop differentiated treatments according to theJOUR
398 www.jaacap.orgrelative balance of irritable, headstrong, and
hurtful dimensions.
In summary, our findings from a large com-
munity sample of Brazilian children support a
distinction between dimensions of oppositional-
ity, and provide further evidence for etiological
distinction between dimensions. &
Clinical Guidance
 Youth with oppositional defiant disorder (ODD) have
a higher risk for a wide range of other psychiatric
problems, including antisocial outcomes, attention-
deficit/hyperactivity disorder (ADHD) as well as
depression.
 Three different dimensions within oppositionality,
termed irritable, headstrong, and hurtful, explain
why there is such a wide range of ODD outcomes.
 Here we show in an independent sample from
Brazil how these dimensions are differentially
associated with psychiatric outcomes: irritable
showed a differentially strong link with emotional
and depressive disorders; headstrong with ADHD
and hurtful with conduct disorder.
 In addition, we show that these different associations
may be explained by family history: irritable is
differentially linked to maternal depression; and
headstrong with parental history of ADHD symptoms.
 Our findings lend further support for the DSM-5
decision to distinguish between three dimensions of
oppositionality in youth.NAL OFAccepted January 11, 2013.
Drs. Krieger and Graeff-Martins are with the University of S ~ao Paulo.
Drs. Krieger, Goodman, Stahl, and Stringaris are with the Institute of
Psychiatry at King’s College London. Drs. Polanczyk, Rohde, Salum,
Graeff-Martins, Gadelha, and Pan are with the National Institute of
Developmental Psychiatry for Children and Adolescents (INCT-CNPq),
Brazil. Dr. Polanczyk is with the Research Support Center on Neuro-
development and Mental Health at the University of S ~ao Paulo. Drs.
Rohde and Salum are with the Federal University of Rio Grande do Sul,
Brazil. Dr. Pan is with the Federal University of S ~ao Paulo.
This work is supported by the following Brazilian government agencies:
the National Council for Scientific and Technological Development
(CNPq), the Coordenac- ~ao de Aperfeic-oamento de Pessoal de Nı´vel
Superior (CAPES), and the S ~ao Paulo Research Foundation (FAPESP).
Dr. Krieger served as the statistical expert for this research.
The authors thank the children and families for their participation, which
made this research possible.
Disclosure: Dr. Polanczyk has served as a speaker and/or consultant to
Eli Lilly and Co., Novartis, Janssen-Cilag, and Shire Pharmaceuticals;
has developed educational material to Janssen-Cilag; and has
received unrestricted research support from Novartis and CNPq.
Dr. Goodman is the owner of Youthinmind, which provides no-cost and
low-cost software and websites related to the Strengths and Difficulties
Questionnaire (SDQ) and the Development andWell-Being Assessment
(DAWBA). Dr. Rohde has served as a consultant to, on the speakers’
bureau for, and/or on the advisory board for Eli Lilly and Co., Janssen-
Cilag, Novartis, and Shire. He has received royalties from ArtesTHE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATRY
VOLUME 52 NUMBER 4 APRIL 2013
OPPOSITIONAL DIMENSIONS IN A BRAZILIAN SAMPLE
JO
VOMe´dicas and Oxford University Press. He is the chair of the Attention-
Deficit/Hyperactivity Disorder and Juvenile Bipolar Disorder Out-
patient Programs, which have received unrestricted educational and
research support from Abbott, Eli Lilly and Co., Janssen-Cilag,
Novartis, and Shire. Dr. Gadelha has received payment for the
development of educational material for Janssen-Cilag, AstraZeneca,
and Eli Lilly andCo., and has receivedmeeting payment expenses from
Eli Lilly and Co. and Janssen-Cila. Dr. Pan has received payment for
development of educational material for Janssen-Cilag and Astra-
Zeneca; and has received meeting payment expenses from Eli Lilly and
Co. Dr. Stringaris has received support from theWellcome Trust and theURNAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATRY
LUME 52 NUMBER 4 APRIL 2013U.K. Department of Health. Drs. Krieger, Graeff-Martins, Salum, and
Stahl report no biomedical financial interests or potential conflicts of
interest.
Correspondence to: Fernanda Valle Krieger, M.D., University of S ~ao
Paulo, Institute of Psiquiatry- R., Dr. Ovı´dio Pires de Campos, 785,
11 andar, sala 1C 015 Postcode: 05403-903, S ~ao Paulo - SP -
Brazil; e-mail: fvkrieger@gmail.com
0890-8567/$36.00/C 2013 American Academy of Child and
Adolescent Psychiatry
http://dx.doi.org/10.1016/j.jaac.2013.01.004REFERENCES
1. Stringaris A, Maughan B, Goodman R. What’s in a disruptive
disorder? Temperamental antecedents of oppositional defiant
disorder: findings from the Avon longitudinal study. J Am Acad
Child Adolesc Psychiatry. 2010;49:474-483.
2. American Psychiatric Association. DSM-5: The Future of Psychi-
atric Diagnosis 2012. Available at: http://www.dsm5.org/Propo
sedRevision/Pages/proposedrevision.aspx?rid=106. Accessed
November 4, 2012.
3. American Psychiatric Association. Diagnostic and Statistics Man-
ual of Mental Disorders, 4th Edition (DSM-IV). Washington, DC:
American Psychiatric Association; 1994.
4. Costello EJ, Mustillo S, Erkanli A, Keeler G, Angold A. Prevalence
and development of psychiatric disorders in childhood and
adolescence. Arch Gen Psychiatry. 2003;60:837-844.
5. Maughan B, Rowe R, Messer J, Goodman R, Meltzer H. Conduct
disorder and oppositional defiant disorder in a national sample:
developmental epidemiology. J Child Psychol Psychiatry. 2004;
45:609-621.
6. Boylan K, Vaillancourt T, Boyle M, Szatmari P. Comorbidity of
internalizing disorders in children with oppositional defiant
disorder. Eur Child Adolesc Psychiatry. 2007;16:484-494.
7. Rowe R, Maughan B, Pickles A, Costello EJ, Angold A. The
relationship between DSM-IV oppositional defiant disorder and
conduct disorder: findings from the Great Smoky Mountains
Study. J Child Psychol Psychiatry. 2002;43:365-373.
8. Rowe R, Maughan B, Costello EJ, Angold A. Defining oppositional
defiant disorder. J Child Psychol Psychiatry. 2005;46:1309-1316.
9. CopelandWE, Shanahan L, Costello EJ, Angold A. Childhood and
adolescent psychiatric disorders as predictors of young adult
disorders. Arch Gen Psychiatry. 2009;66:764-772.
10. Kim-Cohen J, CaspiA,Moffitt TE,HarringtonH,Milne BJ, Poulton
R. Prior juvenile diagnoses in adults with mental disorder:
developmental follow-back of a prospective-longitudinal cohort.
Arch Gen Psychiatry. 2003;60:709-717.
11. Stringaris A, Goodman R. Three dimensions of oppositionality in
youth. J Child Psychol Psychiatry. 2009;50:216-223.
12. Stringaris A, Goodman R. Longitudinal outcome of youth opposi-
tionality: irritable, headstrong, and hurtful behaviors have distinctive
predictions. J Am Acad Child Adolesc Psychiatry. 2009;48:404-412.
13. Aebi M, Muller UC, Asherson P, et al. Predictability of oppositional
defiant disorder and symptom dimensions in children and adoles-
cents with ADHD combined type. Psychol Med. 2010;40:2089-2100.
14. Burke JD, Hipwell AE, Loeber R. Dimensions of oppositional
defiant disorder as predictors of depression and conduct disorder
in preadolescent girls. J Am Acad Child Adolesc Psychiatry. 2010;
49:484-492.
15. Stringaris A, Zavos H, Leibenluft E, Maughan B, Eley TC.
Adolescent irritability: phenotypic associations and genetic links
with depressed mood. Am J Psychiatry. 2012;169:47-54.
16. Rowe R, Costello EJ, Angold A, Copeland WE, Maughan B.
Developmental pathways in oppositional defiant disorder and
conduct disorder. J Abnorm Psychol. 2010;119:726-738.
17. Ezpeleta L, Granero R, de la Osa N, Penelo E, Domenech JM.
Dimensions of oppositional defiant disorder in 3-year-old pre-
schoolers. J Child Psychol Psychiatry. 2012;53:1128-1138.18. Wakschlag LS, Henry DB, Tolan PH, Carter AS, Burns JL, Briggs-
Gowan MJ. Putting theory to the test: modeling a multidimen-
sional, developmentally-based approach to preschool disruptive
behavior. J Am Acad Child Adolesc Psychiatry. 2012;51:593-604.
19. Bornovalova MA, Hicks BM, Iacono WG, McGue M. Familial
transmission and heritability of childhood disruptive disorders.
Am J Psychiatry. 2010;167:1066-1074.
20. Meadows S, Lanahan MC, Brooks-Gunn S J. Parental Depression
and Anxiety and Early Childhood Behavior Problems Across
Family Types. J Marriage Fam. 2007;69:1162-1177.
21. Barker ED, Copeland W, Maughan B, Jaffee SR, Uher R. Relative
impact of maternal depression and associated risk factors on
offspring psychopathology. Br J Psychiatry. 2012;200:124-129.
22. Kim-Cohen J, Moffitt TE, Taylor A, Pawlby SJ, Caspi A. Maternal
depression and children’s antisocial behavior: nature and nurture
effects. Arch Gen Psychiatry. 2005;6:173-181.
23. Salum GA, Mogg K, Bradley BP, et al. Threat bias in attention
orienting: evidence of specificity in a large community-based
study. Psychol Med. 2012:1-13.
24. Weissman MM, Wickramaratne P, Adams P, Wolk S, Verdeli H,
OlfsonM. Brief screening for family psychiatric history: the family
history screen. Arch Gen Psychiatry. 2000;57:675-682.
25. Goodman R. The Strengths and Difficulties Questionnaire: a
research note. J Child Psychol Psychiatry. 1997;38:581-586.
26. Goodman R. Psychometric properties of the strengths and diffi-
culties questionnaire. J Am Acad Child Adolesc Psychiatry. 2001;
40:1337-1345.
27. Goodman R, Ford T, Richards H, Gatward R, Meltzer H. The
Development and Well-Being Assessment: description and initial
validation of an integrated assessment of child and adolescent
psychopathology. J Child Psychol Psychiatry. 2000;41:645-655.
28. Goodman A, Fleitlich-Bilyk B, Patel OSC. Child, family, school and
community risk factors for poor mental health in Brazilian school-
children. J Am Acad Child Adolesc Psychiatry. 2007;46:448-456.
29. Sheehan DV, Lecrubier Y, Sheehan KH, et al. The Mini-
International Neuropsychiatric Interview (M.I.N.I.): the develop-
ment and validation of a structured diagnostic psychiatric inter-
view for DSM-IV and ICD-10. J Clin Psychiatry. 1998;59(Suppl
20):22-33. quiz 34-57.
30. Hooper DCJ, Mullen M. Structural equation modelling: guidelines
for determiningmodel fit. Electron J BusResMethods. 2008;6:53-60.
31. LevyRHG.A framework of statistical tests for comparingmean and
covariance structure models. Multivar Behav Res. 2007;42:33-66.
32. Burnham KPAD. Multimodel inference-understanding AIC and
BIC in model selection. Sociol Methods Res. 2004;33:261-304.
33. Muthen LK,Muthen BO.MplusUser’s Guide, 5th ed. LosAngeles,
CA; 2007.
34. StataCorp. Stata Statistical Software: Release 10.0. College Station,
TX: Stata Corporation LP 2007.
35. Polanczyk G, de Lima MS, Horta BL, Biederman J, Rohde LA. The
worldwide prevalence of ADHD: a systematic review and meta-
regression analysis. Am J Psychiatry. 2007;164:942-948.
36. Rescorla L, Achenbach TM, Ivanova MY, et al. Epidemiological
comparisons of problems and positive qualities reported by
adolescents in 24 countries. J Consult Clin Psychol. 2007;75:351-358.www.jaacap.org 399
KRIEGER et al.37. Kieling C, Baker-Henningham H, Belfer M, et al. Child and
adolescent mental health worldwide: evidence for action. Lancet.
2011;378:1515-1525.
38. Leibenluft E. Severe mood dysregulation, irritability, and the
diagnostic boundaries of bipolar disorder in youths. Am J
Psychiatry. 2011;168:129-142.
39. Pickles A, Aglan A, Collishaw S, Messer J, Rutter M, Maughan B.
Predictors of suicidality across the life span: the Isle ofWight study.
Psychol Med. 2009;40:1453-1466.
40. Amico F, Meisenzahl E, Koutsouleris N, Reiser M, Moller HJ,
Frodl T. Structural MRI correlates for vulnerability and resilienceJOUR
400 www.jaacap.orgto major depressive disorder. J Psychiatry Neurosci. 2011;36:
15-22.
41. Adleman NE, Fromm SJ, Razdan V, et al. Cross-sectional and
longitudinal abnormalities in brain structure in children with
severe mood dysregulation or bipolar disorder. J Child Psychol
Psychiatry. 2012;53:1149-1156.
42. Fontaine NM, Rijsdijk FV, McCrory EJ, Viding E. Etiology of
different developmental trajectories of callous-unemotional
traits. J Am Acad Child Adolesc Psychiatry. 2010;49:656-664.
43. Kenny DA. SEM: Identification. 2011. Available at: http://
davidakenny.net/cm/identify.htm. Accessed November 5, 2012.NAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATRY
VOLUME 52 NUMBER 4 APRIL 2013
FIGURE S1 Models of oppositionality. Note: DAWBA ¼ Development and Well-Being Assessment; ODD¼ oppositional
defiant disorder. aModel proposed by Rowe et al.1 bModel proposed by Stringaris et al.2 cModel proposed by Burke et al.3
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